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Abstract: The Corps of Engineers has the responsibility to maintain 

navigation of waterways across the United States. The Corps dredges more 

than 300 million cubic yards of sediment annually. Subsequently, methods 

to evaluate and determine environmentally and economically sound 

management alternatives are needed. Technological advances in 

equipment, treatment, and handling technologies continue to increase the 

options for beneficial uses (BUs). Ten categories of BU are: 1) Habitat 

development, 2) Beach nourishment, 3) Aquaculture, 4) Parks and 

recreation, 5) Agriculture, forestry, and horticulture, 6) Strip mine 

reclamation and solid waste management, 7) Shoreline stabilization and 

erosion control, 8) Construction and industrial use, 9) Material transfer, 

and 10) Multiple purpose. BUs of dredged material have a productive 

history resulting in over 2,000 man-made islands, more than 

100 marshes, and nearly 1,000 habitat development projects. Corps 

islands provide vital habitat for rare, threatened, or endangered species. It 

is estimated that 1,000,000 birds nest on dredged material islands each 

year. BUs of existing dredged material in confined disposal facilities (CDF) 

should be considered along with all the alternatives available for CDF 

management. This report compiles current guidance and best practices 

useful to evaluate dredged material from ongoing dredging projects or 

CDFs for BUs. 

 

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes. 

Citation of trade names does not constitute an official endorsement or approval of the use of such commercial products. 

All product names and trademarks cited are the property of their respective owners. The findings of this report are not to 

be construed as an official Department of the Army position unless so designated by other authorized documents. 
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Unit Conversion Factors 

Multiply By To Obtain 

acres 4,046.873 square meters 

cubic yards 0.7645549 cubic meters 

hectares 1.0 E+04 square meters 

miles (U.S. statute) 1,609.347 meters 
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1 Introduction 

Background 

The U.S. Army Corps of Engineers has the responsibility to maintain 

navigation in more than 11,930 miles of waterways across the United 

States. This task requires the dredging of more than 300 million cubic 

yards of sediment annually resulting in the need for methods to evaluate 

and determine environmentally and economically sound management 

alternatives. Management alternatives may include open-water, near 

shore, or upland placement, each having opportunities to provide a 

beneficial outcome in addition to maintaining navigation. Technological 

advances in equipment, treatment, and handling technologies continue to 

increase the options for beneficial uses (BUs). Most dredged material that 

is not suitable for open-water placement has historically been placed in 

confined disposal facilities (CDFs). Many existing CDFs have or are rapidly 

reaching design storage capacity, while some have increased capacity by 

raising dikes. Raising dikes is not a long-term solution to meet future 

dredging needs, however. New CDF construction is difficult to accomplish 

in many areas where high volume dredging occurs due to limited space 

along congested shorelines. In an effort to provide storage capacity for 

future dredging, dredged material currently disposed into CDFs is being 

evaluated for beneficial uses. Beneficial uses of existing dredged material 

in CDFs should be considered along with all the alternatives available for 

CDF management. 

Engineer Manual (EM) 1110-2-5026 (Headquarters, U.S. Army Corps of 

Engineers 1986) discusses numerous BUs of dredged material in aquatic, 

wetland, and upland habitats. Ten categories of BUs are: 

1. Habitat development (wetland, upland, island, aquatic including 

migratory and nesting use by waterbirds, shorebirds, and waterfowl) 

2. Beach nourishment 

3. Aquaculture 

4. Parks and recreation 

5. Agriculture, forestry, and horticulture 

6. Strip mine reclamation and solid waste management 

7. Shoreline stabilization and erosion control 
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8. Construction and industrial use (including port development, airports, 

urban, and residential) 

9. Material transfer (fill, dikes, levees, parking lots, roads) 

10. Multiple purpose 

BUs of dredged material have been classified into three broad categories: 

engineered uses, agricultural and product uses, and environmental 

enhancements. Some BUs could be classified into multiple categories. For 

instance, beach nourishment could be categorized as engineered use or 

environmental enhancement. However,  dredged material must be 

evaluated both for use suitability and for environmental acceptability prior 

to any decisions about potential BU. This report compiles current 

guidance and best practices useful to evaluate dredged material from 

ongoing dredging projects or CDFs for BU. 

History of beneficial use 

Historically, dredged material disposal in many cases resulted in BU of the 

material itself or the location on which it was placed. Until passage of 

Federal laws described below, decisions on disposal of dredged material 

was based primarily on cost effectiveness or local needs. Environmental or 

ecological impacts were generally not considered as the effects of 

contaminant and physical effects on wildlife and fishery habitats were not 

well understood. If the dredged material was considered physically 

suitable for any particular need, it was used as such. Many developed areas 

along coastlines, inland rivers, and lakes were constructed using dredged 

material. 

Beneficial uses of dredged material have a productive history resulting in 

more than 2,000 man-made islands, 100 marshes, and nearly 1,000 

habitat development projects. In many areas, Corps islands provide vital 

habitat for rare, threatened, or endangered species. It is estimated that 

1,000,000 birds nest on dredged material islands each year (EM 1110-2-

5026). These projects were completed with uncontaminated dredged 

material. Due to reduced storage capacities within CDFs and the reduced 

use of aquatic disposal alternatives, BUs of dredged material are being 

considered more extensively. While there are still sources of 

uncontaminated dredged material, there is also a need to evaluate BUs of 

dredged material with low to moderate contaminant concentrations. 
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Regulatory authority 

The Water Resources Act of 1992, Section 204 – Beneficial Use of Dredged 

Material (Public Law (PL) 102-580) established USACE authority for 

implementing ecosystem restoration projects in connection with dredging. 

The regulation of dredged material disposal within waters of the United 

States is a shared responsibility of the U.S. Environmental Protection 

Agency (USEPA) and the U.S. Army Corps of Engineers (USACE). The 

primary Federal environmental statute governing discharge of dredged 

materials into inland and estuarine waters of the United States is the 

Federal Water Control Act Amendments of 1972 (i.e., the Clean Water Act 

(CWA)). All proposed dredged material activities regulated by the CWA 

must also comply with the applicable requirements of the National 

Environmental Policy Act (NEPA) and its implementing regulations. In 

addition to CWA and NEPA, a number of other Federal laws and Executive 

Orders must be considered in the evaluation of a dredging project. The 

geographical jurisdictions of the Marine Protection, Research and 

Sanctuaries Act of 1972 (MPRSA) and CWA overlap within the territorial 

sea. Generally, the BU of dredged material placed within the territorial sea 

is evaluated under the CWA (USEPA/USACE 1998). The USEPA Office of 

Water has maintained that once dredged material is regulated under the 

CWA, it will always be regulated under the CWA. The CWA does not 

provide guidance for the protection of the environment after dredged 

material is placed in an upland environment (Childs et al. 2002). If 

biological testing indicates the material is suitable for open-water disposal, 

that material would likely be deemed suitable for a wide range of BU 

applications from a contamination standpoint. Most BUs involve open-

water or confined placement. Therefore, the testing and assessment 

procedures as well as compliance with the 404 Guidelines must also be 

considered for BU (USACE/USEPA 1998). 
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2 Decision Process and Available Guidance 

Guidance and practices 

USACE/USEPA (2004) provides a framework for dredged material 

management, which includes the assessment of reasonable open-water, 

confined disposal, and BU alternatives. This document states, “Beneficial 

use options should be given full and equal consideration with other 

alternatives. It is USACE policy to fully consider all aspects of the dredging 

and disposal operations with a view toward maximizing public benefits.” 

Figure 1 presents a framework for BU determinations. This framework 

suggests evaluation of: 

1. BU needs and opportunities 

2. Physical suitability 

3. Logistical considerations 

4. Environmental suitability 

The process for environmental suitability is somewhat vague. Winfield and 

Lee (1999) gives additional guidance on the implementation of the 

USACE/USEPA (2004) framework. Figure 2 shows a framework to 

evaluate environmental suitability for BUs. The steps include: 

1. Evaluate physical and engineering suitability 

2. Chemical evaluation 

3. Biological evaluation 

4. Retain or reject BU alternatives 
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Figure 1. Framework for testing and evaluation for beneficial use applications from 

USACE/USEPA (2004). 
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Figure 2. Framework for testing and evaluation of environmental suitability for beneficial uses 

(Winfield and Lee 1999). 
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This figure illustrates the underlying decision process used in 

characterization testing. Initially, characterization tests to determine the 

physical and engineering properties should be conducted (Figure 2). If 

there is reason to believe the dredged material is contaminated, the 

chemical and/or biological evaluations should be conducted. If the 

chemical/biological evaluation results indicate the potential for adverse 

impacts, the material is treated to manage the contaminants present, and 

then retested for adverse impacts. If adverse impacts are no longer 

indicated or if there is no reason to believe the dredged material is 

contaminated, then a BU alternative can be implemented. If adverse 

impacts are still indicated, the dredged material should not be used for 

beneficial purposes. USEPA/USACE (2002), a companion guide to the 

framework document, provides practical guidance for project sponsors 

and potential partners for identifying, planning, financing and 

implementing dredged material BU projects. 

Currently, differences are vast between the BU guidance on the national, 

regional, and state levels. USEPA (2003) provides nine recommendations 

whose implementation should enhance the BU of dredged material 

substantially. These recommendations include: 

1. The development of a national guidance document that presents a 

framework for identifying, planning, and financing BU projects and 

providing a summary of BU authorities and processes. 

2. The development of a national guidance document that explains the role of 

the Federal Standard in implementing BUs of dredged material. 

3. Encouraging and endorsing the implementation of Section 215 of the 

Water Resources Development Act of 2000 (PL 106-541), which allows the 

direct marketing of dredged material to public agencies and private 

entities. 

4. Identifying factors needed to develop a system to track the volume of 

dredged material used beneficially. 

The roles of a National Dredging Team (NDT), Regional Dredging Teams, 

and Local Planning/Project Groups are outlined (USEPA 1994e, 1998, 

2003). Promoting the BU of dredged material is a specific objective of the 

NDT. The NDT should be instrumental in the development and 

implementation of a consistent national policy. 
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The development of regional guidance is one of the top priorities of the 

Great Lakes Dredging Team. The lack of adequate regulatory guidance was 

identified as an obstacle to BU of dredged material. Beneficial Use Upland 

Testing and Evaluation Project Management Team (2004a) brings 

together case studies, policy guidance, and regulations being used by Great 

Lakes states to make BU decisions. This framework offers a regional risk-

based approach for testing and evaluating dredged material for upland BU. 

San Francisco Bay Regional Water Quality Control Board (2000) 

summarizes the sediment screening and testing guidelines for beneficial 

reuse of dredged material in the San Francisco Bay. Figure 3 depicts the 

testing protocols for upland and wetland BU projects. The potential routes 

of exposure to non-human receptors considered were direct exposure to 

sediment, exposure to effluent from sediments during placement of 

material at reuse site, and exposure to leachate after material placement. 

This guidance is consistent with and is structured following the BU 

framework (Figure 2) and the selection testing described in the next 

section. 

Figure 3. Recommended testing protocols for wetland/upland dredged material disposal in 

the San Francisco Bay Region (San Francisco Bay Regional Water Quality Control Board 

2000). 
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The BU guidance on the state level is quite varied with some states even 

classifying dredged material as a solid waste. For instance, in Indiana 

dredged material deemed contaminated is regulated as a solid waste. 

Otherwise, it is not regulated as a solid waste (Great Lakes Commission 

2001). However, Indiana has no regulatory definition for BUs of dredged 

material (327 Indiana Administrative Code). In New Jersey the 

Department of Environmental Protection officials concluded the NJ Solid 

Waste Management Act does not apply to dredged material (NJ 

Department of Environmental Protection Dredging Task Force 1997). In 

some states, dredged material never disposed of is regulated differently 

from dredged material removed from a CDF. The variability of state 

requirements for dredged material management can become increasingly 

complex when dredging projects cross state borders but can also be used 

advantageously to advance sound policy and change unsound policy. 

Figure 4 depicts the NY Checklist for Development and Beneficial Use 

Determination Petition. 

Evaluate environmental suitability 

The initial screening for contamination is the first step in the BU 

framework (Figure 2). Available information is used to determine if the 

material contains contaminants in forms and concentrations that are likely 

to cause unacceptable impacts to the environment. If contaminants are 

likely present, the sections on chemical evaluation and biological 

evaluation should be consulted. The presence of contaminants in dredged 

material invokes a more complex decision process that should be 

conducted in a phased approach (Lee 1999). If contaminants are not likely 

to cause unacceptable impacts to the environment, then BU alternatives 

are evaluated. 

Two approaches can be used for BU characterization tests (i.e., BU 

suitability testing, BU selection testing). If a specific BU can be selected 

initially, then tests that provide information on the acceptability of the 

dredged material for that BU should be conducted (suitability testing). If 

no specific BU is selected initially, then more characterization tests should 

be conducted to determine the suitability of the dredged material for a 

wider range of BUs (selection testing) (Lee 1999). Lee uses several case 

studies to illustrate appropriate characterization tests when the BU was 

selected initially (suitability testing). Two examples describe the suitability 

testing used to evaluate dredged material in a CDF selected for landfill 

cover. Another example describes the suitability testing used to evaluate  

 



ERDC/EL TR-07-27 10 

Figure 4. NY checklist for Development and Beneficial Use Determination Petition. 
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Figure 4. Continued (NYSDEC 2001). 

dredged material selected for manufactured soil. A final example describes 

the suitability testing used to evaluate sediment selected for manufactured 

soil and construction blocks. These materials contained low levels of heavy 

metals, polycyclic aromatic hydrocarbons (PAHs), polychlorinated 

biphenyls (PCBs), pesticides, and/or dioxins. 

Evaluate physical and engineering suitability 

An evaluation of physical and engineering suitability is the second step in 

the BU framework (Figure 2). Table 1 lists physical and engineering 

characterization tests needed to assess the properties of dredged material 

(Winfield and Lee 1999). This table includes references for the 
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characterization tests listed. These references provide background 

information, method limitations, and additional guidance on the use of 

these characterization tests. Characterization is initiated by an evaluation 

of the physical properties including permeability, plasticity, and organic 

content. The engineering properties are used to estimate the 

compactability, consolidation, and shear strength of the dredged material. 

Winfield and Lee (1999) briefly discuss each test and its relevance to BU. 

This guidance does not identify the characterization tests required for 

specific BUs (suitability testing). Nor is there interpretative guidance to 

indicate when a dredged material would be acceptable for specific BUs. 

In certain jurisdictions, physical and engineering characterization tests 

results determine the BU options. For Wisconsin projects involving beach 

nourishment, for example, material may be classified as suitable if the 

average percentage of silt plus clay (material passing through a #200 

sieve) in the dredged material does not exceed the average percentage of 

silt plus clay in the existing beach by more than 15 percent (Wisconsin 

Administrative Code, Natural Resources Chapter 347). In Michigan, if the 

dredged materials are at least 95 percent sand, they are considered clean 

and suitable for beach nourishment (Beneficial Use Upland Testing and 

Evaluation Project Management Team 2004a). Table 2 shows particle size 

suitability of dredged material for various BUs. 

PIANC (1992) summarizes the international perspective on the BU of 

dredged material. A distinction is made between the BU of dredged 

material and the BU of dredged material disposal. The recommended 

decision process focuses on the contaminant status and physical 

characterization. Dredged material is physically categorized as Rocks, 

Sand/Gravel, Consolidated Clay, Soft Clay/Silt, and Mixture. Distinct 

Engineered, Agricultural Product, and Engineered Enhancement BU are 

recommended for each physical category. For the physical category 

Consolidated Clay, for example, the recommended Engineered uses are 

Land creation, Land improvement, Offshore berms, Capping, and Shore 

protection. The recommended Environmental enhancements for this 

physical category are Wetland creation, Upland Habitat, and Fisheries 

improvement. 
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Table 1. Appropriate characterization tests for determining physical and engineering 

properties of dredged material to evaluation its suitability for beneficial uses. 

Source: Winfield and Lee (1999). 
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Table 2. Suitability of dredged material for various BUs. 

 Dredged Material Sediment Type 

Beneficial Use Options Rock Gravel & Sand Consolidated Clay Silt/Soft Clay Mixture 

Engineered Uses 

Land creation X X X X X 

Land improvement X X X X X 

Berm creation X X X  X 

Shore protection X X X   

Replacement fill X X   X 

Beach nourishment  X    

Capping  X X  X 

Agricultural/Product Uses 

Construction materials X X X X X 

Aquaculture   X X X 

Topsoil    X X 

Environmental Enhancements 

Wildlife habitats X X X X X 

Fisheries improvement X X X X X 

Wetland restoration   X X X 

Source: http://el.erdc.usace.army.mil/dots/budm/types.html#mixture. 

 

Chemical evaluation 

Background 

Chemical evaluation is the next step in the BU evaluation framework 

(Figure 2). Table 3 lists chemical characterization tests needed to assess 

the properties of dredged material. References provide background 

information and method limitations. Winfield and Lee (1999) do not 

identify the characterization tests required for specific BUs (suitability 

testing) or provide interpretative guidance for any of the characterization 

tests. This guidance (Winfield and Lee 1999) briefly discusses these tests 

and the dependencies between various properties. For instance, the Cation 

Exchange Capacity is pH dependent and directly proportional to the 

percent clay, organic matter content, and particle size distribution. An 

assessment of chemical properties can indicate the solubility, mobility and 

toxicity of contaminants. Myers et al. (1996) and Brannon et al. (1994) 

describe additional leachate quality tests. 

 

http://el.erdc.usace.army.mil/dots/budm/types.html#mixture
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Table 3. Appropriate characterization tests for chemical properties of dredged material to 

determine suitability for beneficial uses. 

Analysis Source 

10. pH ASA 1996: Ch 16; CSSS: 16.2.1 

11. Calcium Carbonate Equivalents ASA 1996: Ch 16; CSSS 14.2 and 44.6 

12. Cation Exchange Capacity ASA 1996: Ch 40; CSSS 19.4 

13. Salinity ASA 1996: Ch 14; CSSS: 18.2.2 

14. Sodium ASA 1996: Ch 19 

15. Chloride ASA 1996: Ch 31 

16. Sodium Adsorption Ratio (SAR) CSSS: 18.4.3 

17. Electrical Conductivity ASA 1996: Ch 14 

18. Total Organic Carbon ASTM D2974; D2974-87; ASA 1982: 29-4.2; CSSS 44.3 

19. Carbon:Nitrogen Ratio Analyses 19, 23, and 25 in this table 

20. Total Kjeldahl Nitrogen EPA-CRL-468 

21. Ammonium Nitrogen EPA-CRL-324 

22. Nitrate-nitrogen EPA-SW846-9200 

23. Nitrite-nitrogen EPA-SW846-9200 

24. Total Phosphorus EPA-CRL-435 

25. Orthophosphorus EPA-CRL-435 

26. Potassium ASA 1996: Ch 19 

27. Sulfur ASA 1996: Ch 33 

28. Diethylene Triamine Pentaacetic Acid (DTPA) Metals) ASA 1982: 19-3.3; CSSS: 1.3; Lee, Folsom, and Bates 1983 

29. Total Metals* EPA-SW846-200.9; ASA 1996: Ch 18-30 

30. Pesticides (chlorinated) EPA-SW846-8080 

31. Polynuclear Aromatic Hydrocarbons (PAHs) EPA-SW846-8270 

32. Polychlorinated Biphenyls (PCBs) Congeners EPA-CRL-8081 

33. Dioxins EPA-SW846-8290 and 1630 

34. Leachate Quality Test Myers and Brannon 1988 

35. Surface Runoff Quality Skogerboe et al. 1987 

Notes: *Metals = arsenic, cadmium, chromium, copper, lead, mercury, silver, nickel, and zinc. Use EPA 1986 Method 245.6 for mercury 
determinations. 
Methods: 
ASA = American Society of Agronomy/Soil Science Society of America (Paige et al. 1982, 1996). 
CSSS = Canadian Society of Soil Science (Carter 1993). 
ASTM = American Society for Testing and Materials (ASTM 1996). 
EPA = USEPA (1986). 

Source: Winfield and Lee (1999). 

 

USEPA/USACE (1995) provides: 

1. Guidance on the development of quality assurance project plans for 

ensuring the reliability of data gathered to evaluate dredged material 

2. Procedural outlines that should be followed when sampling and analyzing 

sediments, water, and tissues 

3. Recommended target detection limits for chemicals of concern 

USEPA has developed a two-tiered quality management structure that 

addresses quality assurance (QA) concerns. This structure includes QA 

management plans and QA project plans. A complete QA/quality control 
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(QC) effort for a dredged material testing program has two major 

components: a QA program implemented by the data user, and QC 

programs implemented by the data generators. The methods used in 

sample collection, transport, handling, storage, and manipulation of 

sediments and interstitial waters can influence the physicochemical 

properties and the resulting chemical, toxicity, and bioaccumulation 

analyses. USEPA (2001a) presents guidance for the collection, storage, 

and manipulation of sediments for chemical and toxicological analyses. 

This guidance includes a discussion of activities involved in sediment 

sampling, a list of important issues that need to be considered within each 

activity, and recommendations on how to best address the issues raised. 

The recommended procedures are more likely to maintain in situ 

conditions. 

Screening levels 

Peddicord et al. (1998) summarizes the use of sediment quality guidelines 

(SQGs) in dredged material management. SQGs are values used to 

determine sediment contaminant concentrations that differentiate 

sediments of little concern from those predicted to have an adverse 

impact. The technical limitations of SQGs restrict their usefulness to Tier 1 

or Tier 2 screening of sediments that pose little concern under specific 

circumstances and to identifying situations in which higher tier effects-

based testing is warranted. SQGs by themselves are technically 

unacceptable for making definitive determinations of adverse impacts of a 

material in a particular environment. If a dredged material requires 

further evaluation, the sections on Biological Evaluation and Treatment 

should be consulted. National, regional, and state contaminant 

concentration levels are presented with full acknowledgement of their 

limitations. 

USEPA (2001b) provides guidance for developing soil screening levels 

(SSLs) for Superfund sites (Appendix A –Exhibit A-1). The National 

Oceanic and Atmospheric Administration (NOAA 1999) provides Screen-

ing Quick Reference Tables (Exhibit A-2). Threshold and probable effect 

levels for organic and inorganic contaminants from freshwater and marine 

sediments are provided. MacDonald and Ingersoll (2002a, 2002b, 2002c) 

provide threshold effects, lowest effects, probable effects, and severe 

effects levels for metals, PAHs, and organochlorine pesticides in fresh-

water ecosystems (Exhibits A-3 and A-4). Attachment D of USEPA (1996) 

provides metals, PAHs, and pesticide regulatory and human health 

 



ERDC/EL TR-07-27 17 

benchmarks for SSLs (Exhibit A-5). Bulk sewage sludge or sewage sludge 

sold or given away shall not be applied to land if the concentration of any 

pollutant in the sewage sludge exceeds the pollutant’s ceiling 

concentration (40 CFR 503). These metal ceiling concentrations have been 

proposed as screening levels for the BUs of dredged material in upland 

environments (Exhibit A-6). 

Several regional screening levels have been developed. The Beneficial Use 

Upland Testing and Evaluation Project Management Team (2004a) 

presents Great Lakes regional contaminant levels for determining if a 

dredged material is suitable for certain BUs. The contaminant criteria for 

eight states are presented for eight BU scenarios (i.e., daily cover at 

municipal solid waste landfill, final cover at a municipal solid waste 

landfill, cover at Superfund or brownfield sites, beach nourishment, 

compost and topsoil manufacture, restricted fill, unrestricted fill, asphalt 

or cement aggregate). These criteria are given in Appendix A – 

Exhibits A-7 through A-18. At least one Great Lakes state lacked the 

established criteria for each of the scenarios considered. Appendix A – 

Exhibit A-9 shows the criteria for the unrestricted use of topsoil. As an 

example of the variation between states, arsenic concentrations from 

various Great Lakes states range from 0.042 to 41.0 mg/kg. It should be 

noted that this is only one example of at least three orders of magnitude 

difference in regional guidance. 

San Francisco Bay Regional Water Quality Control Board (2000) lists 

sediment chemistry guidelines for beneficial reuse of dredged material 

(Exhibit A-19) and biological effects-based concentrations of analytes in 

sediments (Exhibit A-20). The referenced document is for planning uses 

and the general suitability of dredged material for upland and wetland BU 

projects. Compliance with the screening values does not by itself indicate 

that any particular dredged material will be found suitable for reuse. 

Appendix A contains state screening levels from Florida, Indiana, 

Louisiana, New Jersey, New York, Oregon, Pennsylvania, Washington, and 

Wisconsin (Appendix A – Exhibits A-21 through A-32) to evaluate dredged 

material for BU. These screening levels can be used to assess whether 

additional chemical and biological testing is warranted. They can also be 

grouped to gain a regional perspective. 
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Florida sediment quality guidelines 

Florida sediment quality guidelines provide Total and Permissible 

Exposure Limits for metals, PCBs, PAHs, pesticides, chlorinated organic 

substances, and phthalates (Exhibit A-21). These values were derived from 

an effects data set (Florida Department of Environmental Protection 

1994). MacDonald and Ingersoll (2002c) provide interpretative guidance 

for freshwater sediment quality investigations. Exhibit A-3 lists sediment 

threshold effect concentrations (TECs). Harmful effects are unlikely to 

occur at concentrations below the TECs. Exhibit A-4 lists sediment 

probable effect concentrations (PECs). Harmful effects are likely to occur 

at concentrations above the PECs. The arsenic TEC and PEC are 5.9 and 

17.0 mg/kg, respectively. The Florida arsenic threshold effect and probable 

effect levels are 7.24 and 41.60 mg/kg, respectively (Exhibit A-21). This is 

another example of the disparity between screening level resources. 

Indiana Risk Integration System of Closure (RISC) 

Indiana Department of Environmental Management (2002) includes 

tables of risked-based standards. Exhibit A-22 shows RISC levels for 

residential and commercial/industrial closures. Closure values are 

provided for metals, pesticides, and PAHs. These values could be 

appropriately compared to dredged material concentrations for upland BU 

projects. Indiana has no regulatory definition for BUs of dredged material 

(327 Indiana Administrative Code). 

Louisiana screening levels 

The Louisiana Department of Environmental Quality has developed a Risk 

Evaluation/Corrective Action Program (RECAP) to address risks to human 

health and the environment posed by the release of chemical constituents 

to the environment. RECAP consists of a tiered framework comprising a 

Screening Option and three Management Options. This tiered approach 

allows site evaluation and corrective action efforts to be tailored to site 

conditions and risks. Louisiana Screening Option table (Appendix A – 

Exhibit A-23; http:/ / w w w .aehs.com / surveys/ soil/ 03/ LA.HTM) can be 

used to determine if additional evaluation and/or corrective action is 

warranted. Industrial, non-industrial, and groundwater soil screening 

values are provided. 
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New Jersey screening levels 

In New Jersey the Department of Environmental Protection officials 

concluded the NJ Solid Waste Management Act does not apply to dredged 

material. NJ Department of Environmental Protection Dredging Task 

Force (1997) establishes clear and comprehensive policies and procedures 

for reviewing dredging activities and dredged material management. The 

Acceptable Use Determination (AUD) shall be issued for dredged 

materials that are non-hazardous waste and do not contain PCBs. Dredged 

material will be considered for an AUD if the material and each admixture 

are used directly as a substitute for a product or as a substitute for an 

admixture that is incorporated into a product. The dredged-material-

based product must meet the specifications and standards for a generally 

accepted and similarly manufactured product or raw material. The 

application process will include a contaminant profile in relation to 

current soil guidance levels and other evaluation requirements. The Direct 

Contact Soil Cleanup Criteria (DCSCC) (Appendix A – Exhibit A-24) 

includes an Unrestricted or Residential DCSCC and a Restricted or Non-

residential DCSCC (NJ Department of Environmental Protection Dredging 

Task Force 1997). NJ AUD is somewhat similar to USACE selection 

testing. 

New York screening levels 

The New York State Department of Environmental Conservation 

(NYSDEC) produced a draft dredged material beneficial use handbook 

(NYSDEC 2001). Currently only excerpts from this document are released 

to the public (i.e., checklist for development and review of BU petition 

(Figure 4)). NYSDEC (1994a, 1994b) provide contaminant concentrations 

for sediment evaluation and cleanup (Exhibits A-25 and A-26, 

respectively). The SSLs are provided for restricted use and unrestricted 

use of dredged material. The contaminants include metals, PCBs, PAHs, 

and dioxin. NYSDEC (1994b) has been rescinded and will soon be replaced 

by NYSDEC Division of Water “TOGS 5.1.9: In-Water and Riparian 

Dredged Material Management Guidance.” Executive approval is pending. 

(Kathleen McCue, NYSDEC Division of Solid and Hazardous Materials, 

personal communication, 7 September 2004). 
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Oregon Level II screening levels 

Oregon Department of Environmental Quality (2001) provides Level II 

screening level values to be used during ecological risk assessments. These 

exposure concentrations are deemed to be acceptable for ecological 

receptors. Exhibit A-27 provides screening level values for plants, 

invertebrates, and wildlife exposed to soil and surface water. Exhibit A-28 

provides screening level values for freshwater and marine sediments. The 

contaminants include metals, PCBs, PAHs, and pesticides. 

Pennsylvania general permit for dredged material in road applications 

Bureau of Land Recycling and Waste Management (Number WMGR072) 

describes a general use permit for the beneficial use of dredged material in 

roadway construction. The dredged material shall not be placed directly 

into the environment if any of the total or leachable levels are exceeded in 

the analysis of the material. Exhibit A-29 lists some of the compounds 

included in the permit. The compounds include metals, PAHs, and 

pesticides. 

Washington “No Adverse” and “Minor Adverse” effect levels 

Washington Administrative Code Chapter 173-204 Sediment Management 

Standards provides two levels of effects specific to the contamination of 

marine sediments: “No Adverse Level” (Exhibit A-30) and “Minor Adverse 

Effects” (Exhibit A-31). These levels are defined as the Sediment Quality 

Standard and the Cleanup Screening Level, respectively. The Sediment 

Quality Standard represents the goal for all sediments. The Cleanup 

Screening Level represents the upper limit of chemical contamination 

(Vining et al. 1998). The compounds include metals, PAHs, and PCBs. 

Wisconsin wildlife screening levels 

The Wisconsin Department of Natural Resources established a wildlife soil 

criterion to protect wildlife from adverse effects resulting from the inges-

tion of soils and terrestrial organisms taken from soils (Wisconsin Depart-

ment of Natural Resources 2001). The soil values assumed to be protective 

was the geometric mean of the values calculated for three mammalian spe-

cies and for four different avian species, respectively. The wildlife soil cri-

terion for PCBs was determined by the lower of the geometric mean of the 

mammalian protection soil values (1.9 μg PCBs/kg soil) or the avian 

protection soil values (71.3 μg PCBs/kg soil) is 1.9 μg PCBs/kg soil 
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(Exhibit A-32). The approach used to calculate the soil criterion is an 

adaptation of USEPA’s Great Lakes Water Quality Initiative (GLI) Meth-

odology for the Development of Wildlife Criteria (40 CFR Part 132, 

Appendix D). 

Biological evaluation 

Biological evaluation is the next step in the BU evaluation framework 

(Figure 2). Table 4 lists biological characterization tests needed to assess 

the properties of dredged material (Winfield and Lee 1999). This guidance 

does not identify the characterization tests required for suitability testing, 

selection testing, or provide interpretative guidance for any of the 

characterization tests. National and regional documents provide biological 

characterization guidance for upland, wetland, and aquatic environments 

(USEPA/USACE 1998; USACE 2003; USEPA/GLNPO/USACE 1998; 

Vining et al. 1998; USEPA 2001a, 1994d; Beneficial Use Upland Testing 

and Evaluation Project Management Team 2004a). USEPA (1993) utilized 

Elutriate Toxicity Tests, Whole Sediment Toxicity Tests, Benthic 

Community Structure, Mutagenicity Assays, and Genotoxicity Assays to 

assess Indiana Harbor, Buffalo River, and Saginaw River sediment 

samples. This collection of documents lacks the comprehensive 

interpretative guidance necessary to definitively incorporate test results 

into a dredged material management decision. Beneficial Use Upland 

Testing and Evaluation Project Management Team (2004b) includes many 

additional references that will be useful in evaluating upland BUs of 

dredged material. 

Table 4. Appropriate tests for biological properties of dredged material to determine suitability 

for beneficial uses. 

Source: Winfield and Lee (1999). 

MacDonald and Ingersoll (2002a, 2002b, 2002c) provide a freshwater 

ecosystem-based framework for assessing and managing contaminated 

sediments; sediment quality investigation design and implementation 

guidance, and results interpretation guidance. The framework has five 

major steps (MacDonald and Ingersoll 2002a): 
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• Collate the existing ecosystem base and identify and assess the issues. 

• Develop and articulate ecosystem health goals and objectives. 

• Select ecosystem health indicators. 

• Conduct direct research and monitoring. 

• Make informed decisions on the assessment, conservation, protection, 

and restoration of natural resources. 

For instance, sediment toxicity may be selected as an indicator of 

ecosystem health. Ecosystem health indicators need to be accompanied by 

appropriate metrics and quantitative targets. A metric is any measurable 

characteristic of an ecosystem health indicator (e.g., survival of an 

amphipod in a 28-day toxicity test). A target defines the desirable range of 

a specific metric (e.g., not statistically different from the reference 

response). MacDonald and Ingersoll (2002a) presents a methodology for 

evaluating ecosystem health indicators. MacDonald and Ingersoll (2002c) 

discusses the advantages, disadvantages, uncertainty, and data 

interpretation of sediment chemistry, toxicity testing, benthic invertebrate 

community assessment, bioaccumulation assessment, and fish health and 

fish community assessments. 

Treatment 

Treatment is the next step in the BU evaluation framework (Figure 2). Lee 

(2000) provides implementation guidance for selected options for 

reclamation and the BUs of contaminated dredged material. The process 

of incorporating characterization test results into the implementation plan 

is described. The fact that dredged material contaminant concentrations 

exceed applicable screening levels does not automatically exclude the 

dredged material from BU. A number of technologies are available to 

reduce both metal and organic compounds in dredged material. 

Effectiveness of technologies varies but generally rate and effectiveness of 

removal increases with increasing cost of treatment. The cost of treatment 

must be carefully evaluated based on specific site needs and other 

available options. Many treatment technologies are new and being 

advertised by commercial vendors as effective in dredged material despite 

the lack of product testing in such material. This is especially true for 

biological treatment technologies that are being rapidly patented and 

marketed by a growing number of environmental remediation companies. 

While it has been impossible to evaluate all of the emerging remedial 

technologies on the market, certain concepts have been evaluated and 

some guidance for selecting the most appropriate approaches is provided. 
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Clesceri et al. (2000) discusses bench-scale tests used to estimate removal 

efficiencies of nine technologies. The Water Resource Development Act 

treatment train provides a rationale for deciding which treatment options 

to pursue (Figure 5). Additional information can be found at 

http:/ / w w w .bnl.gov/ w rdacobridge/ product.biblio.jsp?osti_ id=759042. 

Figure 5. Water Resource Development Act treatment train (Clasceri et al. 2000). 

Chemoreclamation 

Averett et al. (1990) reviewed technologies involving the removal of con-

taminated sediment with subsequent transport, treatment, containment, 

or disposal, and those for non-removal alternatives, such as in situ treat-

ment or containment of the contaminated sediment. USEPA (1994c) 

evaluated grain size separation, magnetic separation, gravity separation, 

attrition scrubbing, and froth flotation for their effectiveness in concen-

trating contaminants from sediment samples. The mineral processing 
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technology concept showed promise in assisting remediation and involves 

using size separation to separate a contaminant-laden portion from the 

bulk of the sediment. This reduces the size and cost of the final treatment 

or disposal effort. Other potential benefits include improved effectiveness 

of any treatment process and possible beneficial use of cleaner sediment 

fractions. Report results show that grain size separation applied to coarse-

grained sediment such as that from the Saginaw River has the potential to 

concentrate metallic and organic contaminants in approximately 20 per-

cent of the sediment mass. Potential applications of magnetic separation at 

Indiana Harbor, and froth flotation at Saginaw River, showed limited 

application. 

Francingues and Thompson (2000) reviewed innovative dredged sediment 

decontamination and treatment technologies. The technologies were cate-

gorized as: (1) contaminant destruction using thermal processes, 

(2) contaminant containment or removal processes. USEPA (1994a) pro-

vides an evaluation of SoilTech’s Anaerobic Thermal Process (ATP) tech-

nology. This technology was tested using sediment samples from the 

Buffalo and Grand Calumet Rivers. PCB removal from the Grand Calumet 

River was 72 percent. PAH removal from both sediments was 99 percent. 

The data indicate that metal removal was significant for the Grand Calu-

met River sediment. USEPA (1994b) includes a bench-scale evaluation of 

ReTeC’s Thermal Desorption Technology on Ashtabula River sediments. 

The specific objectives were to: (1) determine process extraction efficien-

cies for PCBs and PAHs, (2) conduct a mass balance for solids, water, oil, 

PCBs, and PAHs, and (3) examine process effects on metals, oil and 

grease, and several other parameters. The PCB and PAH removals were 

>96 and >60 percent, respectively. 

Phytoreclamation 

Price and Lee (1999) describe an approach to evaluating the phytorecla-

mation alternative for dredged material treatment. This approach falls 

under the treatment block for testing and evaluation of dredged material. 

The framework is expanded to include a phased approach to determine the 

suitability of a contaminated dredged material for plant-mediated recla-

mation. The three basic assessments include sediment physical and chemi-

cal characteristics, plant exposure effects, and contaminant reduction 

effectiveness. The advantages and disadvantages of various phytoreclama-

tion approaches for metals are stated. Once a phytoreclamation approach 

has been determined, implementation and management strategies must be 
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developed to ensure success. Marinucci and Bartha (1979) and McHale 

and McHale (1994) describe methods which effectively remove metals 

from waste and groundwater. These authors indicated that practical bio-

treatments for metal-contaminated soils and sediments are still in the 

developmental stage. Price et al. (1999) summarized the discussion and 

conclusions of a phytoreclamation work group. Specific recommendations 

were made for the phytoreclamation of heavy metal, petroleum hydrocar-

bon, PCB, pesticide, and dioxin-contaminated dredged material. Lee and 

Price (2003) review the phytoreclamation and management of lead con-

taminated dredged material. Seidel et al. (2004) investigates the condi-

tioning of dredged sludge by plants and the solid-bed leaching of heavy 

metals using microbially produced sulfuric acid. Within 21 days, zinc, cad-

mium, manganese, and nickel were removed by 61–81 percent while chro-

mium and lead were nearly immobile. A cost-benefit assessment of this 

remediation process indicates it to be a suitable treatment for restoring 

contaminated sediments for BUs (Seidel et al. 2004). 

Bioreclamation 

Fredrickson et al. (1999) provides guidance on how to determine the suit-

ability of organic contaminated dredged material for bioreclamation. This 

guidance was designed to serve as the second phase in a two-phased bio-

treatability management decision guide. For successful bioreclamation, 

the dredged material must support microbal communities and their 

metabolism. Norris et al. (1994) provides methods to estimate the number 

of microorganisms present and their potential metabolic activity. Myers 

and Bowman (1999) describes the use of a relatively passive biotechnology 

to reduce polycyclic aromatic hydrocarbons concentrations. Myers et al. 

(2003) discusses the feasibility of bioremediating dredged material con-

taminated with PAHs and PCBs using composting methods. After under-

going chemical, thermal, phytoreclamation, or bioreclamation treatment, 

dredged material would be subjected to the appropriate suitability or 

selection testing. 

Upland confined disposal facilities 

Although dredged material is perpetually managed in accordance with the 

CWA, the Act does not provide guidance for the protection of the environ-

ment after dredged material is placed in an upland environment (Childs et 

al. 2002). A CDF is designed to contain dredged material that is unsuitable 

for aquatic placement. Placement of dredged material into a CDF implies 

 



ERDC/EL TR-07-27 26 

contaminant levels are sufficient to prevent its use in the aquatic environ-

ment. However, many CDFs contain dredged material that would be suit-

able for aquatic placement or is otherwise not contaminated. USACE 

(2003) describes techniques used to evaluate contaminated dredged mate-

rial proposed for disposal at a CDF. The purpose of the evaluation is to 

determine potential pathways of contaminant migration outside of a CDF. 

Once a contaminant pathway is identified, a control can be engineered to 

prevent contaminant mobility. A significant portion of the dredged mate-

rial available for BU projects resides within CDFs. Removal and BU of 

dredged material from CDFs requires a thorough assessment of potential 

impacts from its use. USACE (2003) was not developed to evaluate the 

suitability of dredged material for BU and other resources may need to be 

consulted before a BU determination is made. 

Volume of dredged material 

Much of the dredged material in upland CDFs is already dewatered and 

readily useable for beneficial purposes. Olin-Estes and Palermo (2000a, 

2000b) and Olin-Estes (2000) give guidance for evaluating dredged mate-

rial recovery potential for BU (i.e., soil separation concepts, site charac-

terization: prescriptive approach, site characterization: statistical 

approach). These documents provide physical separation concepts and 

sampling methods for estimating the volume of recoverable material meet-

ing BU requirements. The approaches vary based on the amount of data 

available to the user. Spaine et al. (2001) gives guidance in evaluating 

dredged material recovery potential when debris and trash removal is 

required. Myers and Adrian (2000) discusses the types, features, and 

logistics of equipment that can be deployed to remove debris and trash 

from dredged material. Determining the volume of dredged material is 

appropriate for BU selection and suitability testing. These documents were 

developed to assist in determining when dredged material recovery is 

technically and economically feasible. 

Olin-Estes et al. (2002a) develops an approach for screening-level eco-

nomic analysis of separation alternatives. Scenarios are developed for one-

time and long-term dredging projects to illustrate the relative importance 

of the different variables. Olin-Estes et al. (2002b) summarizes a mobile 

treatment plant soil separation demonstration at a CDF. The demonstra-

tion utilized a portable hydrocyclone unit suitable for conducting soil sepa-

ration feasibility evaluations. The silt/clay separation is expected to be an 

important factor in maximizing dredged material recovery from CDFs in 

 



ERDC/EL TR-07-27 27 

which the silt fraction is substantially less contaminated than the clay frac-

tion. In at least one state (i.e., Wisconsin), removing dredged material 

from a CDF would invoke mining regulations. After removal, the dredged 

material can be subjected to the suitability or selection testing previously 

discussed. 

Upland CDF treatments 

Myers and Williford (2000) discusses applications of bioremediation tech-

niques to manage organic contaminants in CDFs. Several design concepts 

and bioremediation technologies have shown promise for practical appli-

cation to recalcitrant organic contaminants (i.e., polychlorinated dibenzo-

p-dioxins/furans, PCBs, PAHs). The reviewed technologies of windrow 

composting, biopile composting, landfarming, and land treatment are 

logistically fully developed. Additional research is required to investigate 

process unknowns including time requirements for treatment (rate and 

extent of reaction); optimal use of nutrients, bioaugmentation, air, and 

water; and the specifics of anaerobic to aerobic transition in CDFs. The 

goal is to transform diked structures designed to retain dredged material 

solids from disposal to treatment facilities. Myers and Horner (2003) pre-

sents results from a pilot-scale study designed to evaluate the technical 

feasibility of using land treatment technology to remediate dredged mate-

rial contaminated with hydrophobic organic chemicals. The authors con-

clude that PCBs in dredged material is amenable to land treatment in 

CDFs but PCDDs and PCDFs are resistant. 

Lee (2001a) provides implementation guidance for the control of undesir-

able CDF vegetation. Undesirable vegetation has interfered with CDF 

operations and degraded the quality of dredged material for BU products. 

Cooperative research and development agreements (CRDAs) were estab-

lished between the U.S. Army Engineer Research and Development Center 

(ERDC) and several entities. In accordance with the CRDAs, specific inno-

vative technologies developed and demonstrated the application of these 

technologies to the reclamation and reuse of dredged material from exist-

ing CDFs (Lee et al. 2007). 

Upland CDF issues 

Several issues related to dredged material removed from CDFs need to be 

resolved. One issue relates to ownership. Another issue relates to liability 

associated with future uses of the material. Some states with CDFs on state 

property require compensation for dredged material removed from these 

CDFs. Dredged material can be documented as of no economic value (e.g., 
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Black Warrior and Tombigbee Rivers CDFs in the Mobile District). This 

declaration will allow entities to acquire the dredged material without com-

pensating the State of Alabama. Alabama requires a mining permit for the 

excavation of dredged material from a CDF. Other states may have similar 

requirements. Another issue is potential lawsuits from companies claiming 

to have patents on certain technology (e.g., manufactured top soil using 

dredged material). 
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3 Beneficial Use Implementation 

Engineered options 

After suitability or selection testing is completed, all acceptable 

alternatives are retained. Additional guidance is available to further 

evaluate many of the alternatives. Montgomery et al. (1979) lists the 

guidelines for disposal area reuse. Walsh and Malkasian (1978) provides 

guidance for planning and implementing productive land use areas. 

Spaine et al. (1978) published guidance for land improvement using 

dredged material. 

Strip mine reclamation and solid waste management 

Lee (2001b) describes the use of dredged material in manufacturing 

topsoil for restoration of brownfields and abandoned acid minelands. 

Perrier et al. (1980) describes strip mine reclamation using dredged 

material. Harrison and Luik (1980) discusses the suitability of dredged 

material for the reclamation of surface-mined land. 

Near shore berm 

McLellan et al. (1990) provides interim guidance for nearshore berm con-

struction. This guidance includes an overview of considerations for siting 

and design of nearshore berms, simple quantitative techniques for berm 

siting and design using one east coast site and one west coast site as illus-

trations. Williams and Prickett (1998) addresses primary considerations 

for planning and managing nearshore placement of mixed sediment from 

dredging projects. 

Capping 

Capping contaminated sediments with dredged material is a BU. Palermo 

et al. (1998) gives guidance for subaqueous dredged material capping. This 

comprehensive approach includes: 

1. Design requirements and a design sequence of capping. 

2. Documented placement techniques for contaminated dredged material 

and capping material placement. 

3. Defined capping project site selection considerations. 
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4. Guidelines for cap monitoring. 

This guidance is applicable to capping projects in inland and near-coastal 

waters. Winter (2002) discusses subaqueous capping and natural recovery 

from the hydrogeologic perspective. Clarke et al. (2001) evaluates the 

long-term stability of the subaqueous cap. Guidance is provided on 

estimating the bioturbation profiles, depths, and process rates in relation 

to the subaqueous cap design. Fredette et al. (2002) presents 

contaminated sediments pilot study capping results. 

Construction and industrial 

Dalton et al. (2004) evaluates the use of dredged material as a feedstock in 

the conventional manufacture of Portland cement. The efficacy of the 

process at the bench and pilot scales was demonstrated. A batch rotary 

kiln was used for a pilot-scale manufacture. X-ray diffraction analysis and 

American Society for Testing and Materials (ASTM) tests for strength, 

soundness, and setting time suggested that with optimized burn 

conditions, dredged material can be successfully incorporated into full-

scale manufacture. 

Agricultural and product uses 

Aquaculture 

Aquaculture is a promising BU because aquaculture ponds and dredged 

material containment areas have similar design characteristics (e.g., 

perimeter levees, construction on impervious soils, control structures for 

water discharge and drainage). Both types of facilities include locations 

adjacent to waterways in coastal areas. The recommended sediment types 

are consolidated clay and silt/soft clay (Figure 4). Tatem (1990) offers 

guidance in determining the chemical suitability of a dredged material 

containment area for aquaculture. 

Agriculture, forestry, and horticulture 

Sturgis and Lee (1999) describes a process for creating topsoil using 

dredged material as a major component of blended materials. Screening 

tests to determine the most productive blend ratios of dredged material 

and other materials (e.g., yardwastes, biosolids and industrial byproducts) 

are described. These tests require less than 5 gallons of each test material 

and can be conducted in most any greenhouse or growth chamber facility 
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with the plant species indicated or with site-specific plant species. 

Selection of a suitable blend is based on an acceptable plant response 

within an economically feasible ratio of dredged material and other 

materials. The manufacturing of a productive soil product from dredged 

material should include a two-phased approach. Phase 1 should include 

the physical and chemical characterization, and bench-scale screening for 

seed germination and plant growth. If the screening tests show the 

dredged material can potentially be used to manufacture a soil product, 

then phase 2 involves either a demonstration project using the blends 

identified in phase 1 or commercialization of the process. The use of 

dredged material for topsoil production is currently site specific. The 

maximum limits for metals in agricultural soils amended with biosolids 

derived from sewage sludge were used to put a perspective on dredged 

material amended with yardwaste and biosolids. Sturgis et al. (2001, 

2002) discuss the application of manufactured soil technology to dredged 

material in Toledo Harbor and a CDF in Mobile, AL, respectively. 

Parks and recreation 

USEPA (2000) presents 11 guiding principles for constructed treatment 

wetlands. One principle is to create opportunities for the beneficial use of 

dredged material. Guidelines are provided for siting, design, construction, 

operation, maintenance, and monitoring of constructed treatment 

wetlands. Lee et al. (2007) discusses a partnership between ERDC and 

AMD&ART (http:/ / w w w .am dandart.org) to restore an abandoned acid 

mine drainage (AMD) site into a recreational park and passive 

remediation facility. Dredged material was blended with waste paper fiber 

and processed cow manure to produce a substrate used in the constructed 

wetland as a final polishing treatment for AMD. The treatment system 

includes six neutralization ponds and seven acres of constructed wetland. 

The dredged material used in this demonstration was shown to be very 

effective in the construction of wetlands on abandoned AMD. 

Comoss et al. (2002) illustrates the use of dredged material to implement 

a low cost and innovative erosion protection project. Riprap was placed off 

the shoreline, and downed trees were anchored in the riprap to function as 

timber groins. Dredged material was placed between the shoreline and 

riprap, and vegetation was transplanted into the newly created area. 

Geotextile and wattles were used to aid in vegetative rooting. The project 

resulted in an aesthetic alternative to conventional shoreline erosion, 
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several additional hectares of stabilized vegetation, and a valuable example 

to other parks. 

Environmental enhancement 

Habitat development 

Coastal Zone Resources Division (1978) suggests approaches to terrestrial 

wildlife habitat development on dredged material. Terrestrial habitats on 

dredged material areas support highly diverse wildlife populations (e.g., 

birds, mammals, reptiles, and amphibians). A synopsis of plant species 

(e.g., trees, shrubs, vines, herbs, and grasses) of value for terrestrial 

wildlife habitat development is provided. Determining a wildlife habitat 

for a proposed upland area consists of deciding what species of wildlife 

inhabit the area, determining the habitat requirements for those particular 

wildlife species, and deciding on the level of effort or intensity of the 

management effort. 

Osburn et al. (1999) discusses interagency coordination on a 240-acre LA 

barrier reef restoration project. Twelve federal and state entities formed 

the Inter-agency Coordination Team (ICT). The ICT planned the Houston-

Galveston Navigation Channel project and established habitat resource 

conservation priorities. More than 78 million cubic yards of dredged 

material will be moved and disposed. Five million cubic yards will have to 

be dredged annually to maintain the channel (Wagner 2000). Over the 50-

year project life, 3,889 acres of marsh, upland, and colonial water bird 

habitat will be restored using dredged material (Jefts 2002). Additionally, 

docking and unloading areas will be constructed on CDFs. Dredged 

material will be used to construct an offshore berm. This berm will provide 

the channel inlet with storm surge suppression (Wagner 2000). 

Islands 

Landin (1986) describes the environmental considerations and techniques 

that have been developed and tested for building, developing, and 

managing dredged material islands for use by birds for nesting and other 

life requirements. The Corps of Engineers, state agencies, and private 

enterprises have created over 2,000 man-made islands throughout the 

United States. Location, timing, and design are the primary considerations 

for building dredged material islands for bird habitat. Allen and Shirley 

(1988) describes successful techniques for developing marsh on dredged 
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material in moderate to high wave-energy environments for habitat 

creation and substrate stabilization. Sandbag, floating tire, and tire pole 

breakwaters and transplanted sprigs were used to establish marsh in 

moderate to high wave-energy environments. 

Aquatic habitats 

Miller (1988a) provides information on techniques, materials, and 

equipment necessary to construct submerged aquatic habitats in large 

waterways using coarse-grained sediments. The site selection criteria 

include appropriate water depth and velocity. These habitats can be 

considered to offset potential adverse effects of maintenance dredging or 

water resource development projects. Miller (1988b) provides information 

on the construction of a shallow-water gravel bar habitat in small to 

medium-sized rivers using coarse-grained sediments. Payne and Tippet 

(1989) investigates the value of gravel disposal mounds in river side 

channels for freshwater mussels. Basic guidelines are suggested to guide 

site selection. A comparison between the number of mussels colonizing 

gravel mounds and the number found in the reference location indicate 

that gravel disposal enhanced the value of these areas for mussels. 

Wetlands 

Wade et al. (2002) discusses the environmental and engineering effects of 

dredging and placing Appomattox River sediments in the proposed 

Puddledock site. The testing and analysis of upland disposal is 

documented. The Puddledock site will be flooded and then allowed to 

maintain natural ponded elevation. The potential contaminant releases 

from disposal in the Puddledock site pose small environmental impacts 

that should be acceptable with proper management. Welp et al. (2004) 

describes the use of the flexible-discharge dustpan dredge to restore 

wetlands. The dustpan configuration used was most efficient where 

continuous thick shoals were present and minimal movement of the hard 

point was required. 

Beach nourishment 

NOAA (2000) discusses the use of dredged material to nourish beaches. 

Twelve states actually recommend the use of dredged material for beach 

nourishment in policy language. Finding large quantities of suitable sand 

is one of the major obstacles in performing beach nourishment operations. 
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Francingues et al. (2000) examines innovations in dredging technology: 

equipment, operations, and management. The equipment innovations 

include silt/sand separation, the reclamation of contaminated sediments, 

and near shore placement for beach nourishment. Nelson and Pullen 

(1990) lists environmental considerations in using dredged material as 

beach nourishment. 

Multiple purposes 

A park and recreation complex built over an existing solid waste landfill 

using a dredged material cap is one example of a multipurpose project. 

The Vintondale, PA, AMD site, transformed into a recreational park and 

passive remediation facility, is another multipurpose project. Material 

from the CDF at Donora, PA, was removed and used in a constructed 

wetland (Lee et al. 2007). 

Beneficial uses: Retain acceptable alternatives 

Retaining all acceptable alternatives is the final step in the testing and 

evaluation for BU framework (Figure 2). After selection testing is 

completed, an objective method is needed to select an alternative. USEPA/ 

USACE (2002) provides generic criteria (Table 5) and customized criteria 

(Table 6) for evaluating BU alternatives. When the number of alternatives 

considered is small, a qualitative evaluation may be appropriate. In 

complex cases, the Simple Multiattribute Rating Technique (SMART) is 

recommended to systematically evaluate alternatives. SMART is an 

application of multiattribute utility theory. These criteria were developed 

in the context of comprehensive watershed planning. 
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Table 5. General criteria to evaluate BU alternatives. 

Criterion Examples 

Human Benefits Recreation 
Flood Protection 
Economic Development 

Ecological Benefits Improved Hydrologic Functions 
Habitat Enhancement 
Improved Water Quality  

Compatibility with Estuary or Watershed-
Wide Plans/Goals 

Habitat Restoration 
Enhanced Public Access to Estuary 

Feasibility Technical 
Logistical 
Institutional (Decision 
Process/Infrastructure) 

Cost Of Dredging 
Of Transportation 
Of Maintenance 
Of Monitoring 

Availability of Funding Mechanisms USACE 
EPA 
State Agencies 
Local Governments 
Public/Private Partnerships 
Private Lenders 

Environmental Impacts Of Construction 
Of Project After Construction 

Legal Authority Positive Authority to Take Action 
Regulatory Requirements 

Public Support Decision Leaders 
Regulators 
Neighbors 
Advocacy Groups 
Other Interested Publics 
General Public 

Risk Financial 
Environmental 
Human Health 
Schedule of Project 

Source: USEPA/USACE (2002). 
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Table 6. Customized criteria to evaluate BU alternatives. 

Step 1 Seek the early involvement of pertinent multiple shareholders in identifying and 
structuring criteria. 

Step 2 Elicit criteria from stakeholder representatives. 

Step 3 Combine each stakeholder’s criteria into an objectives hierarchy, which is akin to an 
organization chart.  

Step 4 Combine the stakeholder hierarchies into a single comprehensive hierarchy.  

Step 5 Hold a review meeting with the stakeholders. 

Source: USEPA/USACE (2002). 

 

Bonnevie et al. (2002) proposed a framework for evaluating beneficial 

uses of dredged material in NY/NJ harbor. The dredged material 

management plan defined and provided a preference ranking for 

numerous dredged material management options. A single, systematic 

framework that evaluates and compares various BU options was 

developed. This framework incorporates economic, environmental, and 

policy related information that would be supplemental to a standard 

benefit/cost analysis. The “weight of evidence” approach was used to 

balance and integrate multiple lines of evidence. The framework includes 

four steps: 

1. Identification of assessment and measurement endpoints. 

2. Determination of measurement endpoint weights. 

3. Determining, finding, and magnitude for each measurement endpoint. 

4. Weight of evidence results. 

This process would be useful in determining the best BU for a dredged 

material undergoing selection testing. 
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4 Summary and Recommendations 

Summary 

Beneficial uses of dredged material have a productive history resulting in 

thousands of man-made islands, marshes, and habitat development 

projects. In many areas, Corps islands provide vital habitat for rare, 

threatened, or endangered species. Traditionally, projects were completed 

with uncontaminated dredged material. Due to reduced storage capacities 

within CDFs and the reduced use of aquatic disposal alternatives, BUs of 

dredged material are being considered more extensively. While sources of 

uncontaminated dredged material are still available, there is also a need to 

evaluate BU of dredged material with low to moderate contaminant 

concentrations. 

The USEPA and USACE share the regulatory responsibility of dredged 

material disposal within waters of the United States. CWA is the primary 

Federal environmental statute governing BU projects. The USEPA Office 

of Water has maintained that, once dredged material is regulated under 

the CWA, it will always be regulated under the CWA. However, the CWA 

does not provide guidance for the protection of the environment after 

dredged material is placed in an upland environment (Childs et al. 2002). 

Figure 2 provides a framework for testing and evaluation for BU projects. 

The testing and evaluation consider Physical, Environmental, and 

Engineering Suitability, Chemical and Biological Evaluations, and BU 

Alternatives. If there is reason to believe the dredged material is 

contaminated, chemical and/or biological evaluations are conducted. If 

the chemical/biological evaluation results indicate the potential for 

adverse impacts, the material is treated to manage the contaminants 

present, then retested for adverse impacts. If adverse impacts are no 

longer indicated or if there is no reason to believe the dredged material is 

contaminated, then a BU alternative can be implemented. If adverse 

impacts are still indicated, the dredged material should not be used for BU 

purposes. 

Barriers to the optimal utilization of BUs of dredged material are 

numerous. Comprehensive national guidance is needed. There seems to be 

an inconsistency between the technical limits of screening levels 

(Peddicord et al. 1998) and the way they are applied (Exhibits A-1 through 
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A-31). The characterization tests provided in Tables 1, 3, and 4 are not 

subdivided into the proper selection or suitability testing required for BU. 

No interpretative guidance is provided for these characterization tests 

(Tables 1, 3, and 4). Many of the current guidance documents are draft or 

interim (e.g., USEPA/USACE 2002) and need to be finalized. The lack of 

proven technologies to treat dredged material is another barrier to BU. 

Many of the referenced technologies have been used on a pilot scale. The 

lack of commercial applications of these technologies makes it difficult to 

accurately evaluate their effectiveness and estimate cost. The Corps’ 

initiative to select the least cost disposal alternative is also a hindrance to 

some BU projects. Issues of property ownership and compensation are 

barriers to BU implementations. Agencies’ liability for future uses of 

dredged material (i.e., potting soil, building blocks, figurines) must be 

clearly delineated before dredged material can be fully utilized beneficially. 

Recommendations 

USEPA (2003) provides nine recommendations whose implementation 

should enhance the BU of dredged material substantially. These recom-

mendations need to be fully implemented. The roles of an NDT, Regional 

Dredging Teams, and Local Planning/Project Groups are outlined (USEPA 

1994e, 1998, 2003). Implementing these recommendations at the 

national, regional and local levels will greatly enhance BUs of dredged 

material. The NDT should be instrumental in the development and imple-

mentation of consistent national guidance. This guidance should improve 

the selection and suitability testing guidance. Interpretative guidance is 

needed for all tests listed in Tables 1, 2, and 3. The inconsistency between 

the technical limitations of screening levels (Peddicord et al. 1998) and 

their use by states needs to be resolved. Promoting the BU of dredged 

material is a specific objective of the NDT, and it needs to address the Fed-

eral standard that requires USACE to use the least costly acceptable 

method for dredging and disposal. This standard is an impediment to the 

BU of dredged material. The NDT should address issues related to the 

removal of dredged material from CDFs (i.e., ownership, compensation, 

liability). All Regional Dredging Teams and Local Planning/Project Groups 

should be operational. Some teams are currently functioning effectively. 

For example, the Beneficial Use Upland Testing and Evaluation Project 

Management Team (2004a) represents a cohesive regional BU effort. 

Pebbles and Thorp (2001) summarizes BU in the Great Lakes. 
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Additional research that clearly delineates the practical limits of treatment 

technologies described in the Treatment section of Chapter 2 should be 

conducted. Thermal, chemical, phytoremediation, and bioremediation 

treatment research is warranted to provide interpretative guidance for 

contaminated sediment management. Current research has shown 

moderate success with contaminants or groups of contaminants. The 

NY/NJ Harbor Sediment Decontamination project developed through the 

Water Resource Development Act (http:/ / w w w .bnl.gov/ w rdadcon/ ) is an 

example of the type of research suggested. The risk associated with using 

these technologies must be communicated to decision makers. After a 

dredged material has been selected for BU, agencies should utilize 

automated procedures to objectively determine the best BU. 

USEPA/USACE (2002) provided generic and customized criteria to 

evaluate BU alternatives in a comprehensive watershed planning context. 

Bonnevie et al. (2002) also provided a framework for comparing potential 

BUs. USEPA/USACE (2002) and Bonnevie et al. (2002) describe 

methodologies that should be incorporated into BU guidance documents. 

Comprehensive guidance and adequate decision support tools for decision 

makers would greatly enhance the BU of dredged material. 
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Appendix A: Contaminant Screening Levels 

Exhibit A-1. Generic SSLs for Residential Scenario* 
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Exhibit A-1 (continued) 
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Exhibit A-1 (continued) 

 

(Source: USEPA 2001b) 
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Exhibit A-2. Screening Quick Reference Table for Inorganics in Solids. 
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Exhibit A-2 (concluded) 

Source: NOAA (1999). http://response.restoration.noaa.gov/cpr/sediment/squirt/squirt.pdf 

 

http://response.restoration.noaa.gov/cpr/sediment/squirt/squirt.pdf
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Exhibit A-3. Sediment quality guidelines that reflect threshold effect concentrations (TECs) 

 

Note: It is unlikely that concentrations below the TECs will produce harmful effects. 
Source: Table 1, MacDonald and Ingersoll (2002c). 
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Exhibit A-4. Sediment quality guidelines that reflect probable effect concentrations (PECs). 

 

Note: It is likely that concentrations above the PECs will produce harmful effects. 
Source: Table 2, MacDonald and Ingersoll (2002c). 

 



ERDC/EL TR-07-27 58 

Exhibit A-5. Soil screening guidance. 

(Regulatory and human health benchmarks used for SSL development.) 
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Exhibit A-5. (continued) 
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Exhibit A-5. (continued) 

 

 



ERDC/EL TR-07-27 61 

Exhibit A-5. (concluded) 

Source: Attachment D, USEPA (1996). 

Exhibit A-6. Sewage sludge ceiling concentrations. 

Source: Table 1 of §503.13 (40 CFR 503). 
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Exhibit A-7. Daily cover at MSW landfill. 

 

Exhibit A-8. Beach nourishment. 

Contaminant ILa INb MI MNc NYd OH PA WIe 

Arsenic 0.05* 3.9 12 7.5   

Lead 0.0075* 81 400 Background   

Zinc 7,500 10,000 1,242** 20   

PCBs 1 1.8 1.2** 1   

Benzo(a)pyrene 0.09 0.5 1.0** 0.061   

Benzene 0.03 0.034 

Must be 

>95% sand 

0.034** 0.06   

Grain size and 

color requirements 

Criteria Source 

Cleanup - 

Residential 

Cleanup - 

Residential 

Use-specific 

regulation 

Cleanup - 

Recreational 

Cleanup - 

General   

Use-specific 

regulation 

All units are in milligrams per kilogram (mg/kg) of material except * in milligrams per liter (mg/L) of leachate. 

a. Illinois values are based on the most restrictive exposure route for that contaminant from the TACO Tier 1 residential tables.73 For 

ionizable contaminants, a soil pH of 7.0 is assumed for the groundwater ingestion route. 

b. Indiana values are based on the RISC tables for a residential soil.74 

c. Minnesota criteria are based on SRV Tier 2 chronic recreational standards,96 except for **, which are from SLV Tier 1 standards 

(Minnesota Pollution Control Agency 1996).194 

d. New York criteria are based on Department of Environmental Remediation Technical and Administrative Guidance Memorandum 

4046: Determination of Soil Cleanup Objectives and Cleanup Levels.98 

e. The Wisconsin code lists only two explicit criteria, grain size and color. Risk to beach users is addressed qualitatively by limits placed 

on the source of beach nourishment material. Grain size is limited by requiring the P200 fraction to be no more than 15% of the average 

fines content (silt and clay, or P200 fraction) of the native beach material. Color is required to be a close match to existing beach soil 

color. 
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Exhibit A-9. Compost or topsoil, unrestricted use. 

 

Exhibit A-10. Compost or topsoil, bagged use. 
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Exhibit A-11. Compost or topsoil, restricted use. 

 

Exhibit A-12. Final cover at a MSW landfill. 
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Exhibit A-13. Cover to meet residential use. 

 

Exhibit A-14. Cover to meet industrial use. 

 

 



ERDC/EL TR-07-27 66 

Exhibit A-15. Cover to meet commercial use. 

 

Exhibit A-16. Unrestricted fill. 
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Exhibit A-17 Restricted fill. 

 

Exhibit A-18. Aggregate. 

 

Exhibits A-7 through A-18 were taken from Tables A.2 through A.13, Beneficial 
Use Upland Testing and Evaluation Project Management Team (2004a), 
(http:/ / w w w .glc.org/ upland/ dow nload/ UplandFram ew orkGLC.pdf). 
Beneficial Use Upland Testing and Evaluation Project Management Team 
(2004b) lists the numerical references used in these exhibits. 

 

http://www.glc.org/upland/download/UplandFrameworkGLC.pdf
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Exhibit A-19. Recommended sediment chemistry guidelines for beneficial reuse of dredged material. 

Source: Table 4, San Francisco Bay Regional Water Quality Control Board (2000). 
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Exhibit A-20. Selected biological effects-based concentrations of analytes in sediments. 
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Exhibit A-20. (concluded) 

Source: San Francisco Bay Regional Water Quality Control Board (2000).             
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Exhibit A-21. Florida sediment quality guidelines. 
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Exhibit A-21. (concluded) 

Source: Florida Department of Environmental Protection (1994). 
http://www.dep.state.fl.us/waste/quick_topics/publications/documents/sediment/volume1/chapter6.pdf 

 

http://www.dep.state.fl.us/waste/quick_topics/publications/documents/sediment/volume1/chapter6.pdf
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Exhibit A-22. Indiana risk integrated system residential closure levels. 
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Exhibit A-22. (continued) 
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Exhibit A-22. (continued) 
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Exhibit A-22. (continued) 
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Exhibit A-22. (continued) 

 

 



ERDC/EL TR-07-27 78 

Exhibit A-22. (concluded) 

Source: Indiana Department of Environmental Management (2002). 
http://www.in.gov/idem/land/risc/techguide/riscapp1.pdf. 

 

http://www.in.gov/idem/land/risc/techguide/riscapp1.pdf
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Exhibit A-23. Louisiana screening option. 
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Exhibit A-23. (continued) 
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Exhibit A-23. (concluded) 

 

Source: http://www.aehs.com/surveys/soil/03/LA.HTM 
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Exhibit A-24. NJ soil cleanup criteria. 

Compound 
Criteria Residential SCC 
(mg/Kg) 

Criteria Non-Residential SCC 
(mg/Kg) 

Volatiles 

Vinyl Chloride 2 7 

Acetone 1000 1000 

Chloroform 19 28 

Carbon 
Tetrachloride 

2 4 

Benzene 3 13 

Chlorobenzene 37 680 

Toluene 1000 1000 

Semivolatiles 

Phenol 10,000 10,000 

2-Chlorophenol 280 5200 

Nitrobenzene 28 520 

Naphthalene 230 4200 

Acenaphthene 3,400 10,000 

Fluorene 2,300 10,000 

Pyrene 1,700 10,000 

Chrysene 9  40 

Pesticides/Aroclors 

Heptachlor 0.15 0.65 

Aldrin 0.04 0.17 

Dieldrin 0.042 0.18 

Endrin 17 310 

Inorganics 

Arsenic 20 20 

Cadmium 1 100 

Copper 600 2,600 

Lead 400 600 

Mercury 14 270 

Nickel 250 2,400 

Zinc 1,500 1,500 

Source: New Jersey Department of Environmental Protection Dredging Task Force (1997). 
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Exhibit A-25. New York dredged material screening levels. 

Parameter 
Unrestricted Use, Placement, or 
Disposal 1 (mg/kg)  

Restricted Use or 
Disposal 2 (mg/kg) 

Hg <0.1 0.1 to 0.5 

Cd <0.6 0.6 to 3.0 

Pb <30 30 to 100 

Cu* <16 16 to 110 

Σ DDT+DDE + DDD <0.005 0.005 to 0.025 

Dieldrin <0.003 0.003 to 0.015 

PCB (total) <0.1 0.1 to 1.0 

Σ PAH <1 1.0 to 5.0 

Anthracene <0.1 0.0 to 1.0 

Benzo(a) Anthracene <0.04 0.04 to 0.22 

Chrysene <0.4 0.4 to 2.8 

2-Butanone 
(Methylethyiketone) 

<1 1.0 to 5.0 

Trichloroethylene <0.1 0.1 to 0.5  

Σ BTX <0.05 0.05 to 0.25 

Benzene <0.014 0.014 to 0.07 

Dioxin <0.0000045 4.5x10-6 to 5.0x10-5 

* Denotes a case-specific parameter which the department may require in instances where 
information suggests a problem. 
1 No adverse human health or environmental impact presumed. 
2 Potential for adverse human health or environmental impacts unless material is managed 
as recommended. 
Source: New York State Department of Environmental Conservation (1994b). 
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Exhibit A-26. New York soil cleanup criteria table. 

Compound Allowable Soil Concentration (ppm) 

Volatiles 

Vinyl Chloride 0.0012 

Acetone 0.0011 

Chloroform 0.003 

Carbon Tetrachloride 0.006 

Benzene 0.0006 

Chlorobenzene 0.017 

Toluene 0.015 

Semivolatiles 

Phenol 0.0003 

2-Chlorophenol 0.008 

Nitrobenzene 0.002 

Naphthalene 0.130 

Acenaphthene 0.9 

Fluorene 3.5 

Pyrene 6.65 

Chrysene 0.004 

Pesticides/Aroclors 

Heptachlor 0.001 

Aldrin 0.005 

Dieldrin 0.001 

Endrin 0.001 

Inorganics 

Arsenic 7.5 or SB 

Cadmium 1 or SB 

Copper 25 of SB 

Lead SB 

Mercury 0.1 

Nickel 13 or SB 

Zinc 20 or SB 

SB is Site Background 
Source: New York State Department of Environmental Conservation (1994). 
http://www.dec.state.ny.us/website/der/tagms/prtg4046.html 

 

 

http://www.dec.state.ny.us/website/der/tagms/prtg4046.html
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Exhibit A-27. Oregon screening level values for plants, invertebrates, and wildlife exposed to 

soil and surface water. 
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Exhibit A-27. (continued) 
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Exhibit A-27. (continued) 
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Exhibit A-27. (concluded) 

 

 

). 
http://www.deq.state.or.us/wmc/documents/eco-2slv.pdf 
Source: Oregon Department of Environmental Quality (2001
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Exhibit A-28. Oregon screening level values for freshwater and marine sediments. 
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Exhibit A-28. (continued) 
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Exhibit A-28. (continued) 
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Exhibit A-28. (concluded) 

 

Source: Oregon Department of Environmental Quality (2001). 
http://www.deq.state.or.us/wmc/documents/eco-2slv.pdf 

 

http://www.deq.state.or.us/wmc/documents/eco-2slv.pdf
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Exhibit A-29. Pennsylvania general permit for dredged material in road applications 

Compound Total Level (mg/kg) Leachate Level (mg/l) 

Volatiles 

Vinyl Chloride 2 0.02 

1,2-Dichloroethane 0.3 0.005 

Chloroform 0.5 0.10 

Carbon Tetrachloride 2.1 0.004 

Benzene 0.8 0.005 

Chlorobenzene -- 0.10 

Tetrachloroethene 2.0 0.005 

Semivolatiles 

Phenol 400 21 

2-Chlorophenol -- 0.175 

Nitrobenzene -- 0.0175 

Naphthalene 8.0 -- 

Acenaphthene 30 2.1 

Fluorene 40 1.4 

Pyrene 300 1.05 

Chrysene 500  -- 

Pesticides 

Heptachlor 1.0   0.0004 

Aldrin 0.3 2.06 x 10-6 

Dieldrin 0.3 2.19 x 10-6 

Endrin 20 0.02 

Inorganics 

Arsenic 41 1.25 

Cadmium 20 0.125 

Copper 700 32.50 

Lead 200 1.25 

Mercury 20 0.05 

Nickel 200 17.50 

Zinc 1,000 125 

Source: Bureau of Land Recycling and Waste Management (Number: WMGR072). 

 

 



ERDC/EL TR-07-27 94 

Exhibit A-30. Washington administrative code sediment management standards “no adverse 

effects.” 

 

Source: Washington Administrative Code 173-204-320 (http://www.leg.wa.gov/WAC/). 

 

http://www.leg.wa.gov/WAC/index.cfm?section=
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Exhibit A-31. Washington administrative code sediment management standards “minor 

adverse effects.” 

 

Source: Washington Administrative Code 173-204-420 (http://www.leg.wa.gov/WAC/). 

 

http://www.leg.wa.gov/WAC/index.cfm?section=
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Exhibit A-32. Mammalian and avian soil values. 

 

Source: Wisconsin Department of Natural Resources (2001). 
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